The selective estrogen receptor modulator tamoxifen is now widely used for the treatment and prevention of breast cancer. Tamoxifen use has been associated with a variety of gynecologic problems. Despite the frequency with which hormonal therapy is used for the treatment of breast cancer, limited population-level data are available to describe the occurrence of gynecologic conditions and the use of surveillance testing in women receiving tamoxifen and aromatase inhibitors. OBJECTIVE: We performed a population-based analysis among women with breast cancer receiving hormonal therapy with tamoxifen, a drug commonly used in premenopausal and sometimes postmenopausal women, to determine the frequency of gynecologic abnormalities and use of diagnostic and surveillance testing. We compared these findings to women treated with aromatase inhibitors, agents commonly used in postmenopausal women. STUDY DESIGN: The MarketScan database was used to identify women diagnosed with breast cancer from 2009 through 2013 who underwent mastectomy or lumpectomy. Women receiving tamoxifen (age <50 vs 50 years) were compared to women 50 years of age treated with aromatase inhibitors. We examined the occurrence of gynecologic symptoms and diseases (vaginal bleeding, endometrial polyps, endometrial hyperplasia, and endometrial cancer) and gynecologic procedures and interventions (transvaginal ultrasound, endometrial biopsy, hysteroscopy/dilation and curettage, and hysterectomy). Time-dependent analyses were performed to examine symptoms and testing. RESULTS: A total of 75,170 women, including 15,735 (20.9%) age <50 years treated with tamoxifen, 13,827 (18.4%) age 50 years treated with tamoxifen, and 45,608 (60.7%) age 50 years treated with aromatase inhibitors were identified. The cumulative incidence of any gynecologic symptom or pathologic diagnosis during the study period was 20.2%, 12.3%, and 3.5%, respectively (P < .001), while the cumulative incidence of any gynecologic procedure or intervention during the study period was 34.2%, 20.9%, and 9.0%, respectively (P < .0001). Among women without symptoms or pathology, interventions were performed in 20.0%, 11.0%, and 6.8%, respectively (P < .0001). CONCLUSION: Compared to women taking aromatase inhibitors, gynecologic symptoms, procedures, and pathology are higher for both premenopausal and postmenopausal women with breast cancer on tamoxifen. Increased efforts to curb use of gynecologic interventions in asymptomatic women are needed.
Introduction
The selective estrogen receptor modulator tamoxifen is now widely used for the treatment and prevention of breast cancer. 1, 2 While the drug has predominantly antiestrogenic properties, it also has proestrogenic effects on uterine tissue. This stimulatory effect on the uterus can lead to endometrial proliferation as well as endometrial hyperplasia and cancer. [3] [4] [5] [6] In the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-14 study, the risk of endometrial cancer among women treated with tamoxifen was 1.6 per 1000 patient years compared to 0.2 per 1000 patients years in women receiving placebo. 3 Tamoxifen use has been associated with a variety of gynecologic problems. Women receiving tamoxifen are at increased risk for a number of benign gynecologic conditions including endometrial polyps, leiomyoma, endometriosis, and ovarian cysts. 7 Despite the increased risk of these abnormalities, routine surveillance with transvaginal sonography and endometrial sampling has not been shown to be efficacious. [8] [9] [10] [11] As such, the American Congress of Obstetricians and Gynecologists (ACOG) recommends against routine surveillance in most asymptomatic women receiving tamoxifen. 8 In addition to tamoxifen, hormonal therapy with aromatase inhibitors is also frequently utilized in postmenopausal women with breast cancer. Aromatase inhibitors inhibit the action of aromatase that converts androgens into estrogens. Despite the frequency with which hormonal therapy is used for the treatment of breast cancer, little is known about the occurrence of gynecologic conditions and the use of surveillance testing in women receiving tamoxifen and aromatase inhibitors. We performed a populationbased analysis among women with breast cancer receiving tamoxifen and aromatase inhibitors to determine the frequency of gynecologic abnormalities and use of diagnostic and surveillance testing. Women with breast cancer receiving tamoxifen were compared to subjects receiving aromatase inhibitors.
Materials and Methods

Data source
The Truven Health MarketScan database was analyzed. 12 The database includes a sample of patients enrolled in the commercial health plans of approximately 100 Original Research ajog.org payers. MarketScan captures claims on >50 million covered lives, includes all inpatient and outpatient claims and use of prescription drugs. 12 The database collects detailed information on monthly enrollment and allows longitudinal data capture on patients. Data were deidentified and deemed exempt by the Columbia University Institutional Review Board. 
Patients and procedures
Study flowchart
Flowchart of cohort selection. We defined the follow-up period as the time from the first claim for tamoxifen or an aromatase inhibitor to 6 months after the last claim. If a patient had a gap of >3 months in which the drug was stopped, any claims after the gap were excluded. Patients who received both tamoxifen and aromatase inhibitors in the follow-up period were excluded. The primary group of interest was women 50 years of age who 
Outcomes
The primary outcomes included gynecologic symptoms or diagnoses and gynecologic procedures. The following gynecologic diagnoses were examined: vaginal bleeding, endometrial polyp, atypical endometrial hyperplasia, other endometrial hyperplasia, and endometrial cancer (Supplemental Table) . Gynecologic procedures and interventions included transvaginal ultrasound, endometrial biopsy, hysteroscopy/dilation and curettage, and hysterectomy. Two composite measures were developed and included: any gynecologic diagnosis, encompassing any of the above symptoms and pathologic entities, and any gynecologic intervention, which included patients who had any of the above-described tests.
Follow-up time was calculated as the number of months from the first claim for tamoxifen or an aromatase inhibitor until 6 months after the last claim. For each gynecologic diagnosis and intervention, we recorded time-to-the-first occurrence, and censored the patient at the end of the follow-up period if she had none of the occurrences.
Clinical and demographic characteristics included age (<40, 40-49, 50-59, 60-69, and 70 years), year of surgery (2009 through 2013), and region (Northeast, North Central, South, West, 
13,14
Statistical analysis
The associations between the clinical and demographic characteristics and treatment with tamoxifen or aromatase inhibitors were examined using c 2 tests. Follow-up time was compared using analysis of variance. The gynecologic diagnoses and interventions were reported as number and percentage in 0-6, 7-12, 13-24, and 24-36 months after receiving tamoxifen or aromatase inhibitors. Log rank tests were used to compare the Kaplan-Meier estimates of cumulative incidence curves of the occurrence of gynecologic diagnoses and interventions. All analyses were performed using software (SAS, Version 9.4; SAS Institute Inc, Cary, NC). All statistical tests were 2-sided. A P value of <.05 was considered statistically significant.
Results
A total of 75,170 women including 13,827 (18.4%) 50 years of age treated with tamoxifen, 15,735 (20.9%) <50 years of age treated with tamoxifen, and 45,608 (60.7%) 50 years of age treated with aromatase inhibitors were identified ( Figure 1 and Table 1 ). Anastrazole was the most common aromatase inhibitor utilized followed by letrozole. Women who received tamoxifen were younger and had fewer comorbidities than those treated with aromatase inhibitors (P < .0001).
The cumulative incidence of any gynecologic symptom or pathologic diagnosis during the study period was 20.2% in women age <50 years and 12.3% in women age 50 years treated with tamoxifen, and 3.5% for those women 50 years of age who received aromatase inhibitors (P < .0001) ( Figure 2 and Table 2 ). Vaginal bleeding was the most common symptom in all 3 cohorts. Endometrial cancers were diagnosed in 0.2% of women <50 years of age treated with tamoxifen, 0.5% of those 50 years of age treated with tamoxifen, and 0.8% of those treated with aromatase inhibitors (P < .0001), while atypical endometrial hyperplasia was found in 0.2%, 0.2%, and 0.03%, respectively (P < .0001). Similarly, endometrial polyps were more common with tamoxifen, occurring in 4.0%, 3.7%, and 0.6% of the women, respectively (P < .0001).
For all 3 cohorts, vaginal bleeding was most commonly noted in the initial 6-month period after initiation of hormonal therapy and was less frequently diagnosed in later periods. In contrast, the occurrence of atypical endometrial hyperplasia and endometrial cancer was relatively constant throughout the study periods ( Table 2) .
The cumulative incidence of any gynecologic procedure or intervention during the study period was 34.2% in women <50 years of age who received tamoxifen, 20.9% in women 50 years of age treated with tamoxifen, and 9.0% in those 50 years of age treated with aromatase inhibitors (P < .0001) (Figure 2 and Table 3 ). The most common intervention was transvaginal ultrasound, which was performed in 30.5%, 18.9%, and 8.3% of the groups, respectively. Endometrial biopsy (10.4% vs 7.2% vs 1.0%), hysteroscopy/dilation and curettage (5.3% vs 4.6% vs 0.7%), and hysterectomy (5.5% vs 2.8% vs 0.9%) were all more frequently undertaken in those treated with tamoxifen, Table 4 displays the use of diagnostic testing and interventions in women without a documented gynecologic symptom or pathologic diagnosis. Overall, interventions were performed in 20.0% of women <50 years of age on tamoxifen, in 11.0% of women 50 years of age on tamoxifen, and in 6.8% of those 50 years receiving aromatase inhibitors (P < .0001) (Figure 2 and Table 4 ). Among women age <50 years treated with tamoxifen without symptoms or pathology, the cumulative use of transvaginal ultrasound was 18.6%, while endometrial biopsy was performed in 1.3%, hysteroscopy and curettage in 0.4%, and hysterectomy in 2.4%.
Comment
We noted that gynecologic testing and procedures are commonly performed in women receiving adjuvant hormonal therapy for breast cancer. Gynecologic pathology was more common in women receiving tamoxifen compared to aromatase inhibitors and more common in younger compared to older women receiving tamoxifen. Additionally, tamoxifen-treated women were more likely to undergo diagnostic testing and evaluation. However, even among women receiving tamoxifen without underlying gynecologic pathology or symptomatology, we noted the use of diagnostic testing and interventions in a subset of women.
The risk of uterine cancer is an adverse consequence of tamoxifen therapy.
2-4,15-20
A meta-analysis that included >50,000 patients reported a relative risk of 2.7 for the development of endometrial cancer in tamoxifen-treated women compared to controls. 19 In addition to endometrial cancer, tamoxifen has also been associated with an increased risk of uterine sarcomas. 4 A review of NSABP trials using tamoxifen reported an incidence of uterine sarcomas of 0.17 per 1000 women-years in those with an intact uterus. This appears higher than the general populationbased risk for uterine sarcomas. 4 While the risk of uterine cancer is the most recognized gynecologic effect of tamoxifen, tamoxifen users are also at increased risk for a number of other abnormalities of the genital tract. Data from the NSABP Breast Cancer Prevention Trial Protocol P-1 reported an increased risk of leiomyomas, ovarian cysts, endometrial polyps, endometriosis, and endometritis among women randomized to tamoxifen compared to placebo. 7 Within this cohort, over one third of tamoxifen users reported vaginal bleeding that they described as bothersome. 7 Vaginal bleeding or endometrial pathology was found in 18% of tamoxifen users <50 years of age and in 9% of those 50 years in our cohort. Not surprisingly, given the aromatase inhibitors decrease the production of estrogen, gynecologic pathology was uncommon among aromatase inhibitor users. 21 There are limited data describing the performance of gynecologic testing and procedures in women receiving tamoxifen. Within the NSABP Breast Cancer Prevention Trial P-1 cohort, the annual rate of curettage was 32 per 1000 women while hysteroscopy was performed in 6 per 1000, hysterectomy in 24 per 1000, and oophorectomy in 16 per 1000 women. The rates of all of the interventions were markedly higher in women who received tamoxifen compared to placebo and increased in premenopausal vs postmenopausal women. 7 We noted a higher cumulative rate of many of these procedures within 36 months of initiation of tamoxifen and identified that transvaginal sonography and endometrial biopsy were frequently utilized. Similarly, testing was markedly higher in younger compared to older women. Notably, even in the subset of women without gynecologic symptoms or a documented pathologic diagnosis, use of testing was seen in some women.
Although women treated with tamoxifen are at elevated risk for gynecologic pathology, screening has largely proven to be ineffective. Tamoxifen can induce hypertrophy of the endometrial stroma limiting the utility of sonographic evaluation of endometrial thickness for neoplasia. 8, 11, 22 Like ultrasound, screening endometrial biopsy has also not been shown to be effective for endometrial cancer screening. [8] [9] [10] [11] Recent data showed that postmenopausal women with endometrial polyps prior to initiation of tamoxifen therapy are at increased risk for endometrial Based on these data, the ACOG specifically recommends against endometrial surveillance in women not considered high risk, noting that such surveillance can lead to unnecessary and costly downstream testing. 8 Despite these recommendations, we noted that surveillance testing was utilized in some premenopausal and postmenopausal women on tamoxifen. Given clear recommendations that such testing may lead to unnecessary interventions in women, promoting evidence-based gynecologic care for tamoxifen users may not only reduce cost, but also improve patient safety.
While our study benefits from the inclusion of a large cohort of women, we recognize a number of important limitations. First, there may be misclassification of hormonal therapy in a small number of women and some women may switch classes. To limit this bias, we chose to utilize a relatively restrictive definition of hormonal therapy use and limited the cohort to only those women who were newly diagnosed with breast cancer and who underwent surgery. Second, there may be undercapture of diagnostic testing and gynecologic symptoms. While this is a concern with any study using administrative data, a priori we chose to include only diagnoses and procedures likely to generate a billing code. However, we acknowledge that there still may be undercapture of a small number of gynecologic diagnoses. Third, our comparison group consisted of women receiving aromatase inhibitors and not those who were untreated. We purposely chose aromatase inhibitor users as a comparator group to balance the underlying risk factor profile of women with breast cancer, and aromatase inhibitors are not known to increase risk for malignant or benign pathology. Due to the fact that some conditions, such as endometrial cancer, were uncommon, our study may have been underpowered to detect small differences between groups. Lastly, using administrative data, we are not able to explore more subjective patient and physician attitudes that may have influenced testing and follow-up.
These data demonstrate that the use of gynecologic surveillance testing is common among women with breast cancer receiving tamoxifen. Testing is utilized even in the absence of underlying pathology or symptomatology in some women. Given clear recommendations that such testing may lead to unnecessary interventions in women, promoting evidence-based gynecologic care for tamoxifen users may not only reduce cost, but also improve patient safety. n 
